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The QCD Phase Diagram

Theon[: M.Stephanov, hep-ph/0402115v1 (March 2006)
. . QGP
e Lattice QCD finds a smooth crossover T, GeV . ps
symmetric (disordered) phase _
atlarge T and p_~0 mg=0
* Various models find a strong 1 order crossoyer
transition at largep, | T
— There could be a critical point 01
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M.Cheng et al, Phys. Rev. D 79, 074505 (2009)
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Signatures for a Quark-Gluon Plasma Phase

e +©0
; X/ cp‘? T
{ v Example elliptic flow v :
: 2 2 " . c L.
_ (¥ -2t e X (PP « Initial asymmetric geometric
£= 1 > Vg 2 4 2 (cos @) _
(y? +z%) Pz TPy overlap transforms into an

anisotropic momentum distribution
— different for in- and out-of plane

Number of Constituent Quark (NCQ) scaling e Pressure drives the flow
— _ — partonic freedom (QGP)
S B I L e T . When does the n_scaling breaks
I L I ) I L L q
fItAI:{ < e EﬁEI‘iI); * statistical error only down? — Beam Energy Scan!
0.1 2P ea o T 1 — Phase transition
< -
> 0.05}

NCQ scaling @ STAR:
Phys.Rev.Lett. 92 (2004) 052302
Phys.Rev.Lett. 99 (2007) 112301

p./n, (GeVrc) (m-mass)/n, (GeV/c?)

25.03.2011 Alexander Schmah - LBNL



Beam-Energy Scan (BES) Overview

Goal:

« Signatures for a QCD phase
transition and/or a critical point
by using heavy-ion reactions

 Study the structure of matter with
QCD degrees of freedom

Data collected (Au+Au):
« BES started in 2010 with:
« 7.7 GeV: ~5 M events
* 11.5 GeV: ~15 M events
* 39 GeV: 169 M events (10%)

Temperature(MeV)

Coming soon (2011):
* 18 GeV + 27 GeV

How?:
* Onset of Quark-Gluon Plasma

(e.g. NCQ scaling) 0 250 500 750 1000
» Signatures of critical point oGl e En s L L)

(e.g. fluctuations)
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HIC (STAR)

racker At

The Solenol




The Solenoid racker At RHIC (STAR)

* Full time-of-flight barrel
* No silicon vertex tracker

« FTPC+BBC installed
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STAR Acceptance
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» Acceptance of detectors is independent of beam energy
» Advantage of a collider experiment like STAR and ALICE
 Important for many observables like fluctuations
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Central collision Au+Au @ 7.7 GeV
Average data taking: ~ 14h/day

Event rates: 0.5-8 Hz
Fill length: 10-25 min.

MC " |VZ|<70 cm
— 7.7 GeV for7.7GeV
— 39 GeV

" 62.4 GeV
200 Gev

Fill Length [min.]

0 ‘ 200
Uncorrected dN/dn Inl<0.5



Performance of Data Taking

Au+Au @ 7.7 GeV 05 Au+Au @ 11.5 GeV
| | - | |
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o " 0.07 M/day »w 0.5~ -
o) o
S £
0 0 | |
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* The RHIC experts tuned the beams and optimized the fill procedures over
several weeks — huge increase in performance to the end of the 7.7 GeV run

* For 7.7 and 11.5 GeV we reached our goals (~5M and ~15M events)

» 39 GeV was stable and STAR collected 169M events (25M proposed)
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Background from Beampipe Interactions

AutAu @ 7.7 GeV

e Much larger beam width compared to 200 GeV
» Expected situation from year 2009 test run
@ 9.2 GeV
« Continuously online (High Level Trigger)
and offline (fast offline DST production)
monitoring of the background
« Background well under control for analysis
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Particle Identification via TPC and TOF

Au+Au @ 39 GeV

¢ AutAu @ 39 GeV
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» dE/dx can separate the particles up to 1 GeV/c
 First beam time period with full RPC TOF system
— Clean particle separation up to 1.6 GeV/c
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Combined TPC and TOF PID

2.20 <p <2.40 GeV/c 2.20 <p, <240 GeVic
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no (m?,nc) projection

« Combined TPC and TOF PID at high momenta
 Best separation of Kaons and Pions for the shown projection axis
— Particle identification at high p,
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Reconstructed Particles

%108 Au+Au @ 39 GeV
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 Improved S/B ratio compared to previous results due to additional time-of-flight PID
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Particle Spectra
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S107F 8t at mid rapidit
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N

Lokesh Kumar ICPAQGP 2010
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Di-Lepton Spectroscopy @ 39 GeV
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- Motivation: Low mass enhancement, p -spectra

from hot and dense phase
* Not efficiency and acceptance corrected
 Time-of-flight information + dE/dx was used for
particle identification
» Result is based on only 10% of the total statistics

counts / (4 MeV/c?)
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Higher Moments of Net-Proton Multiplicity

K, (MeV) i, (MeV)
_7?0| ‘ 420‘ 210 _ ‘5.4.‘.‘ 29 ‘19 72()I ‘ ‘42'0‘| 210 _ I5‘4IHI 2p 10
3 [~ Au+Au Collisions HRG  Lattice QCD 15 HRG Lattice QCD  __
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- 0.4<p_<0.8 (GeV/c),|y|<0.5 1 B ]
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[ Lattice: R. Gavai and S. Gupta, Phys. Lett. B 696, 459 (2011)
i = HRG: F. Karsch and K. Redlich, Phys. Lett. B 695, 136 (2011)
» High order correlation function — sensitive
 Direct comparison with lattice QCD!
« Non monotonic behavior at critical point expected
\ « 62.4, 130 and 200 GeV results consistent with models
A\ k » At 39 GeV data slightly deviates from the HRG model
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Flow: v_and v, of Charged Hadrons
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Flow: v_ of Identified Hadrons @ 39 GeV

Au+Au @ 39 GeV (0-80%)
T T T T | T T T T | T T T T

Au+Au @ 39 GeV (0-80%)
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« Different charge states of
Pions, Kaons and Cascades
haveidenticalv2

« Proton and anti-Proton v, IS
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 Already observed at higher
energies
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Flow: v_ of Identified Hadrons @ 39 GeV

Au+Au @ 39 GeV (0-80%)
———— 4
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Flow: v_ of Identified Hadrons @ 39 GeV

Au+Au @ 39 GeV (0-80%)
———— 4
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0.1 5_ :T:c _ - Kaons are below Pions in this p range
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0 1 2 3
p. [GeVic]

25.03.2011 Alexander Schmah - LBNL 22



Flow: v_ of Identified Hadrons @ 39 GeV

Au+Au @ 39 GeV (0-80%)
———— 4
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Flow: v_ of Identified Hadrons @ 39 GeV

Au+Au @ 39 GeV (0-80%)
———— 4

0.2:_ n-sub EP STAR preliminar; _:
L .Tl:++ 2p
0.15 X _
> 0.1 -
0.05- _
0 :
0

» 3 GeV/cin p, for Pions with 10% statistics
- Kaons are below Pions in this p, range
« Mass ordering at low p,
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Flow: v_ of Identified Hadrons @ 39 GeV

Au+Au @ 39 GeV (0-80%)
———— 4

02_ n-sub EP STAR preliminary _
: .jtl:' i:;lE- . l ;
0.15; :K = e rs u
S 0.1 :
0.05- _
0* ____________________________________________________ - _

0 3

« 3 GeV/cin p, for Pions with 10% statistics
- Kaons are below Pions in this p, range
« Mass ordering at low p,
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Flow: v_in Transverse Mass Representation

Au+Au @ 39 GeV (0 80%)
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* Clear separation between baryons and

mesons at large (m-m)
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Flow: v_in Transverse Mass Representation

0.1 Au+Au @ 39 GeV (0-80%)
|
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Flow: v_in Transverse Mass Representation

Au+Au @ 39 GeV (0-80%)
———

| 1
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NCQ scaling @ 39 GeV

Au+Au @ 39 GeV (0-80%)
L e

i n-SUb EP STAR preliminary
L .n_'. r\;p + 4

| ent WP LI I
AK™ T

R ettt
8-0.05_— § ﬁﬁ -
R |

A

0 05 1 15
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« The (m-m )/ncq looks similar to
200 GeV
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NCQ scaling @ 39 GeV

Au+Au @ 39 GeV (0-80%) Au+Au @ 39 GeV (0-80%)
rrrr7 rrrorpororrt 7t

i n-SUb EP STAR preliminary i 'I]-SUb EP STAR preliminary
| ent P it b e P ¢ 4
AK* VE -}b AK* vE o® zié?
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S a4 £ i
> ] > o Y
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0 - 0 -
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« The (m-m )/ncq looks similar to - At p/ncq ~ 1 GeV/c we see a similar
200 GeV v_/ncq of the particles ~ as in 200 GeV
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Summary and Outlook e

BERKELEY LABE RS

Summary:

- First data taking period of BES program was
very successful — stable beams from RHIC

- All goals concerning collected data reached

- Di-Leptons spectroscopy @ STAR @ 39 GeV

- First spectra, higher moments, v1.and V2 results

Temperatura{MeV)

> J
OUtIOOk: /\ | Hadronic Gas
- Full statistics @ 39, results @ 11 ES and 7.7 GeV
- 18 and 27 GeV is scheduled for 2011 or 2012 m W 7o e

Baryon Chemical Potential ., (MeV)



One QCD, two different
Views

Kansas

~ -,_\ _',r' : : I

~1

ALICE: | am in wonderland Doroihy: I've a feeling we're not in Kansas any more



BACKUP
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Elliptic Flow v_ of Charged Hadrons
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High Level Trigger Vertex

[Set B - Accumulated Z vertex (Vr > 2)| hit_tot_cVertexZ_4

Entries 402183

o Mean 17.73

1200 |- " RMS 128.8
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|
Au+Al @ 2.8 AGeV outside TPC — Fixed target experiment @ RHIC:

Not only background...




Au+Al @ 2.8 AGeV outside TPC — Fixed target experiment @ RHIC:
Feasibility study

T, -

H | | "i \ Vertex selection

P Vg L WA NN \
1':. I| Al ‘-'"::_\_:_\_‘ _.I-.T\--"""\-\._\_ i .
/4N Hhﬁ Dt SN Hxl Aluminum flange
/ e a2 \ T _ . /
q"‘r / Il\\ I"\lll _ﬁr- .. -.- .
R S )

3' dE/dx PID

Motivation: We can dramatically go down in energy!
Advantage: Cross check of our data at 7.7 GeV with
the 62.4 GeV data set (same c.m. energy)
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